The physical properties i.e. density, viscosity and conductance have been measured for calcium chloride in 2, 4 and 6 wt. % of sorbitol in 0.01 m aq. NaCl at 303.15, 308.15, 313.15 and 318.15 that calcium chloride acts as structure-breaker in 2, 4 and 6 wt. % of sorbitol in 0.01 m aq. NaCl. The activation parameters of viscous flow were also determined and discussed by the application of transition state theory.
Introduction
Solvation dynamics [1] [2] has been the focus of research activities for the past few years. Experimental and theoretical studies have given rise to renewed interest in this field [3] [4] . Measurement of some bulk properties like viscosity (η), density (ρ) and conductance (Λ) provides an insight into the intermolecular arrangements of the components in solutions and helps to understand the thermodynamic and transport properties of the solutions. Various types of interactions exist between the ions in the solutions and of these, ion-ion and ionsolvent interactions are of current interest. These interactions [5] [6] [7] [8] help in better understanding of the nature of solute and solvent i.e. whether the added solute modifies or distorts the structure of the solvent. The solution structure is of great importance in understanding the nature of bioactive molecules in the body system. But the reports of the effects of electrolyte on the structure of water modified by sugar-alcohol are still scarce.
In the present work calcium chloride dihydrate, sorbitol and sodium chloride are being used. Calcium the most abundant mineral in the body is the major constituent of bones and teeth, it is also required for muscle contraction, blood clotting, secretion of hormones and enzymes and as a main buffer in the body to neutralize acids and maintain 9 proper pH. Sorbitol a hexahydroxy alcohol is used as a sweetener in some dietetic foods. It is also used in cosmetics, mouth wash and in toothpastes. Owing to the importance of calcium in human body and increasing use of sorbitol in daily life an attempt has been made to elucidate the molecular interactions of calcium chloride dihydrate in 2, 4 and 6 wt. % of sorbitol in 0.01 m Aq NaCl at 303.15, 308.15, 313.15 and 318.15 K temperatures by measuring density, viscosity and conductance of its solutions. The use of mixed solvent is important in the study of molecular interactions of bio-molecules because it helps in understanding the complex phenomena.
Experimental
Water used for solutions had specific conductance in the range 0.1-1.0x10 -6 ohm -1 cm -1 . Calcium chloride dihydrate, sodium chloride and sorbitol (Anala R) were procured from Sd Fine-Chem. Limited, Mumbai and dried over anhydrous calcium chloride for more than 48 h and used as such. All the solutions were prepared by weight and conversion of molality to molarity was done by using the standard expression 10 . The concentration range of calcium chloride dihydrate in 2, 4 and 6 wt. % of sorbitol in 0.01 M aqueous sodium chloride was 0.01 to 0.12 m. The density was measured with the help of DSA (Density and Sound Analyser) 5000, Anton Paar, GmbH, Garz, Austria. Viscosity was determined with the help of capillary type viscometer 11 . The conductance was measured with the help of calibrated digital conductivity meter (HARCO Limited) at 50 Hz. All measurements were made in a water bath at 30, 35, 40 and 45 0 C (±0.05).
Results and Discussion
The value of density (ρ), apparent molar volume ( v ϕ ), viscosity (η) and conductance (Λ) for calcium chloride dihydrate in 2, 4 and 6 wt. % of sorbitol in 0.01 m aq. NaCl at different temperatures 303.15, 308.15, 313.15 and 318.15 K are given in Table 1 .
Apparent molar volume studies
The apparent molar volume of calcium chloride dihydrate in 2, 4 and 6 wt. % of sorbitol in 0.01 m Aq sodium chloride solutions have been calculated from experimental values of density (Table 1 ) by using following equation 12 ;
Where ρ o is the density of solvent, ρ is the density of solution, C is the concentration of solution and M 2 is the molecular weight of calcium chloride (i.e. P is a criterion for characterizing the longrange structure-making and breaking capacity 22 of the electrolytes in solution. The general thermodynamic expression is as follows is negative, the electrolyte is a structure breaker; otherwise it is a structure maker. From equation (4) it is clear that
As evident from Table 5 .
Viscosity studies
Parameter A of Jones-Dole equation represents the contribution from solute-solute interactions 24 . A perusal of Table 5 shows that the values of the A-coefficient decreases with increase in temperature for calcium chloride dihydrate in studied media which may be due to more solvation of solute ions.
The B-parameter i.e. Jones-Dole coefficient 25 reflects the effects of ion-solvent interactions on solution viscosity. The viscosity B-coefficient is a valuable tool to provide information concerning the solvation of the solutes and their effects on the structure of the solvent in the local vicinity of the solute molecules. It has been reported in a number of studies [26] [27] that dB/dT is a better criterion for determining the structure-making / breaking nature of any solute rather than the B-coefficient. Viscosity study of a number of electrolytes has shown that structure-maker will have negative dB/dT and structure-breaker will have positive dB/dT 28 . It is found from Table 5 that the value of the B-coefficient increase with a rise in temperature (positive dB/dT), suggesting the structure-breaking tendency of calcium chloride dihydrate in studied media. This conclusion is in excellent agreement with our earlier view drawn from sign of [ ] Where N A is the Avogadro's number, h is the Planck's constant, η o is the viscosity of the solvent, R is the gas constant and T is the absolute temperature. For mixed solvents, each solvent mixture was treated as pure and molar volume taken as a mean volume defined 31 as
Where (x 1, M1), (x 2, M 2 ) and (x 3, M 3 ) are the mole fractions and molecular weights of water, NaCl and sorbitol respectively. The values of o V 1 , and are recorded in Table 6 . Table 6 shows that is practically constant at all solvent compositions implying that is dependent mainly on B-coefficient and (
It is also clear from Table 6 that the values of are positive and larger than which suggest that the formation of the transition state is less favoured in the presence of calcium chloride, meaning thereby that the formation of transition state is accompanied by the breaking and distortion of the intermolecular bonds between solvent.
According to Feakins model 29 increases with increase in temperature for solutes having positive value of dB/dT. This is shown by calcium chloride dihydrate which act as structure-breaker in 2, 4 and 6 wt. % of sorbitol in 0.01 m aq. Sodium chloride solutions. The activation entropy for calcium chloride has also been calculated from the following relation
The values of have been calculated from the slopes of vs. T by using the least squares method. The values of T at different temperatures are listed in Table 6 . The activation enthalpy ( ) has been calculated with the help of following expression 29 .
= + T (13)
And the values are also recorded in Table 6 . It is evident from Table 6 that both enthalpy and entropy of activation are negative for calcium chloride dihydrate in 2, 4 and 6 wt. % of sorbitol in 0.01 m aq. Sodium chloride mixtures at different temperatures, which suggest that the transition state is associated with bond-breaking and increase in order. Although a detailed mechanism for this cannot be easily advanced, it may be suggested that the slipplane is in the disordered state 32 .
Conductance studies
The Table 5 , which shows that limiting molar conductance increases with increase in temperature, which may be due to increase in ionic mobility of free Ca
2+
, Cl -, Na + and Cl -ions at infinite dilution.
The structure making/breaking nature of solute can be determined from temperature coefficient of Walden product i.e. Table 5 . From this data it is found that Walden product decreases with increase in temperature for calcium chloride dihydrate in 2, 4 and 6 wt. % of sorbitol in 0.01 m aq. sodium chloride solutions which indicates that calcium chloride behaves as structurebreaker in these solvents. The sample plot of 
